Purpose: The aim of this study was to investigate the association between dietary inflammatory index (DII) and metabolic syndrome (MetS) and its components using data of Ravansar non-communicable diseases (RaNCD) cohort study.
Introduction
MetS is a set of risk factors that predisposes individuals to type 2 diabetes and cardiovascular disease (CVD), also it imposes many economic burdens on the health system. 1, 2 These risk factors consist of hypertension, insulin resistance, dyslipidemia, and abdominal obesity. People with MetS are 2-4 times more likely to be exposed to stroke, 3-4 times the increased risk of myocardial infarction and death regardless of previous history of CVD compared to those without MetS. The prevalence of MetS (based on NCEP-ATPIII, 2001) varies from 8% to 43% in men and 7% to 56% in women worldwide. 3 According to an epidemiological data from
Middle Eastern, the prevalence of MetS in men was 20.7-37.2% and in women 32.1% to 42.7%. 4 As well, according to NCEP-ATPIII criteria, the overall prevalence of MetS in Iran was 29%, which in men and women was 24% and 35%, respectively. 5 Indeed, it seems that more than one-third of the Iranian adult population are exposed or have MetS problem. 6 MetS is associated with a pro-inflammatory situation along with the increment of plasma concentrations of several inflammatory biomarkers including high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), and Tumor Necrosis Factor-α (TNF-α). 7 The inflammation is the response of the body to tissue damage or the presence of inflammatory stimuli. 8 Numerous studies have shown that chronic exposure to a source of chronic inflammation gradually makes a mild inflammatory response and increases the risk of obesity, insulin resistance, diabetes, MetS, cardiovascular disease, or cancer. 9 A healthy diet with a lower pro-inflammatory score may play a protective role against developing chronic diseases like MetS and diabetes. 10 To evaluation of the inflammatory potential of a diet on human health, the DII was designed by researchers at the University of South Carolina. The DII is the first dietary index which used in different studies and assesses the pro-inflammatory and anti-inflammatory properties of the diet in any population by any type of dietary assessment method. 11 The effects of different dietary patterns on inflammatory status assess through some pro-inflammatory biomarkers such as; TNF-α, CRP and cell adhesion molecules (CAM). [12] [13] [14] Besides, the validity of the DII was evaluated by two different food assessment methods (24 hrs food recall and 7-day recall questionnaire) and showed that DII can predict the hs-CRP concentrations with the amount of ≤3 mg/L. As well, the high DII score (pro-inflammatory diet) was associated with hs-CRP above 3 mg/L. 15 The DII categorizes the individual's diet in a range of maximally anti-inflammatory to maximally proinflammatory. 11 Indeed, the higher DII score which is accompanying with an unhealthy diet represented the higher inflammatory effects of the diet and vice versa. 16 The favorable effects of a healthy diet which reflects in anti-inflammatory properties are related to some foods and components like; fruits, vegetables, olive oil, red wine, nuts and polyphenols. 17, 18 On the other hand, the adverse effects of an unhealthy diet are attributed to high-fat dairy, butter, red meat, processed foods and saturated and trans fatty acids. 19, 20 Accordingly, numerous investigations with inconsistent results have been performed about the association of the DII and MetS in various populations. However, due to the inconsistent results of previous studies, it seems that further studies in diverse cultures and populations are needed to elucidate the association between DII score and MetS and its components. To our knowledge, it is the first study in Iran that evaluated the association of DII with MetS and its components using large data that collected by the RaNCD cohort study. Therefore, the aim of this study was to assess the association between DII and the prevalence of MetS using large data from the Iranian population.
Materials and Methods

Study Design and Subjects
This cross-sectional study was performed using RaNCD cohort study data. The RaNCD study is a population-based prospective study that has been conducted on the 10,065 permanent residents consisted of men and women aged 35-65 years to investigate the results of chronic diseases and death in Ravansar (one of the cities of Kermanshah province in Iran) since 2014. 21 This study is one of the parts of Iran's mega-cohort study PERSIAN (Prospective Epidemiological Research Studies in Iran). 22 Ravansar, a region with urban and rural areas is located in western Iran in the Kermanshah province near the Iraq border which has about 50,000 populations with Kurdish ethnicity. The PERSIAN cohort study has been set up in 10 geographical regions in Iran. These areas have been selected based on local disease patterns, risk factors, population stability and local mortality and morbidity. The main focus of clinical researches is on prevention of chronic diseases, which comprises about 75% of the diseases and causes of mortality in the country. All of the participants of RaNCD cohort study were permanent residents of this area. The inclusion criteria for participant recruitment were as follows: 1) age 35-65 years; 2) minimum residence of 1 year in Ravansar, with a minimum stay of 9 months per year; 3) likelihood of staying in Ravansar for the foreseeable future, together with willingness to participate; 4) provision of written informed consent; 5) capability to communicate with the research team and having Iranian citizenship. After performing a pilot study, the main phase of the study started in March 2015. From 15,000 people aged 35-65 years who live in both urban and rural areas of Ravansar district, the investigators decided to include 10,000 people based on all available resources and in agreement with the central PERSIAN team. To increase the feasibility of the study, people were recruited from both urban and rural areas. The size of the sample recruited to the study was proportional to the total population covered by each health center. The protocol details of this study were presented in previous studies. 21 In this study, 10,065 individuals (4775 men and 5290 women) with available baseline MetS data were evaluated. MetS was defined using the NCEP-ATPIII criteria. 23 Individuals with uncompleted baseline data (n=284), with cardiovascular disease (n=904), cancer (n=75), liver disease (n=424), thyroid disease (n=612), inflammatory disease (n=799), alcohol drinkers (n=232), and people who were addicted and drug abusers (n=197) were excluded from the study. Finally, 6538 subjects (2931 men and 3607 women) were included in the study. The complete flowchart of inclusion and exclusion criteria has been presented in Figure 1 .
Data Collection
In order to perform this study, socio-demographic characteristics, anthropometric indices, biochemical parameters, blood pressure, and nutritional status of all participants were collected from the RaNCD cohort study. All information was collected by trained health professionals at the study site, Ravensar (one of the cities of Kermanshah province in Iran), as following.
Demographic Data
All of the demographic data including age, gender, educational level, economic status, marital status, place of residence, physical activity; smoking, specific disease history (heart attack, stroke, various types of cancers), and common drug use were collected. Based on the marital and economic status (wealth), participants were divided into 3 and 5 groups: single, married, divorced and excellent to poor, respectively. The socioeconomic status of participants was evaluated by a comprehensive questionnaire about employment status, education, employment history, marital status, number and type of marriages (first-degree or seconddegree familial marriage or none), spouse's job, region of residency, number of domestic and international trips, access to landline and mobile phones, the internet and the extent of cell phone use. Also, participants according to their educational status, the number of study years, were categorized into 5 groups (illiterate, 1-5, 6-9, 10-12 and above 13) and based on tobacco use were divided into two groups as yes and no.
Excluded
Participants entered in the RaNCD cohort study (n=10065)
• Participants without completed nutritional and MetS status data (n=284)
Participants with an available MetS status data (n=9781)
Included: 6538 participants included to the study men (n=2931) and women (n=3607) To evaluation of the physical activity status, the short form of International Physical Activity Questionnaire (IPAQ) has been used. According to this evaluation index, participants were divided into three groups using daily METs and determined cutoff points with low (24-36.5), moderate (36.6-44.9 ) and severe (≥45) activity levels. 21 
Anthropometric Indices, Biochemical Parameters and Blood Pressure
For body mass index (BMI) calculation, the weight in light clothes and height was measured according to standard protocols with InBody 770 device (Inbody Co, Seoul, Korea) and automatic height gauge BSM 370 (Biospace Co., Seoul, Korea) respectively. BMI was calculated through dividing the weight (kg) to height 2 (m 2 ). The waist circumference was measured with light clothing at a level midway between the lowest rib cage and the iliac crest in expiratory condition. Systolic and diastolic blood pressure were measured using standard manual sphygmomanometer (Riester), after at least 4-5 mins of rest in sitting position, two times from both arms and the interval between two measurements was 10 mins. The mean of the two obtained blood pressure from both arms (left and right) were recorded as the final blood pressure. Blood samples of all subjects were collected after 12-hr fasting. After serum isolation by centrifuging at 2000 rpm for 10 mins at room temperature, blood samples and isolated serums were kept at −80°C.
Diet and Nutritional Data
Nutritional status was assessed using the validated national Iranian Food Frequency Questionnaire (FFQ). The FFQ assessment asks about consumption of food and drink during the past year. The questionnaire includes 125 food items appropriate for the Iranian population, including bread, cereal, grains, meat and meat products, milk and dairy products, vegetables, fruits, types of oil and oilseeds, sugar, miscellaneous food products, spices and food supplements. Also, some local foods were added into the questionnaire. [24] [25] [26] Then, the values of food items are converted to gram using the home volume guide, and nutrition software has been used to analyze the intake of nutrients (micronutrients and macronutrients and energy intake).
Calculation of DII
DII was calculated based on Shivappa et al method using dietary intake data that provided by validated quantitative FFQ for each individual and the details of DII score calculation completely described elsewhere. 
Results
In this study, after considering the exclusion criteria, 6538 subjects including male (55.2%) and female (44.8%) participated in which 17.1% of them (all participants) had MetS. The remaining subjects (3527, 35%) were excluded from the study due to incomplete data, underlying disease and alcohol or drug abuse. The mean age and BMI of participants were 46.2 ± 3.4 and 23.9 ± 2.8, respectively. Also, the mean DII score of participants was 1.17±0.02 and its corresponding minimum and maximum scores were −4.38 and 5.10, respectively (Table 1) . According to Table 2 , the baseline characteristics of categorical variables in the quartiles of the DII were significantly different except for MetS between both sexes. Besides, the mean value of the DII was significantly higher in men in comparison to women (1.64 vs 0.79) (p<0.001) and married individuals with higher education, better economic status, smoker, more physical activity, and city dwellers had significantly higher DII scores in comparison with the first quartile (p<0.001). As well, a significant positive correlation was found between increased DII and MetS ( Table 2) . The mean ± SD values of continuous variables in each quartile are presented in Table 3 . Individuals with higher DII scores were significantly younger and had higher BMI, TG, DBP, FBG and intake more calorie compared to lower quartiles. The percent of participants with high SBP, DBP, TG and FBG were 8.7%, 6%, 28.4%, and 8.9%, respectively. The percent of men and women with low HDL-C and high WC were 18.8%, 29.7% and 10.7%, 62.6%, respectively. Also, the difference between the first and fourth quartiles (between quartiles) for age, BMI, total calorie intake, WC, TG, SBP, DBP and HDL-C was significant.
Moreover, individuals with higher DII scores were at higher risk of MetS and this relationship remained significant after adjustment for confounding factors (OR trend : 1.08, 95% CI: 1.01-1.15, P =0.017). With increasing of DII score, a significant increase in TG (OR trend : 1.06, 95% CI: 1.00-1.12, P=0.030), FBG level (OR trend : 1.10, 95% CI: 1.01-1.20, P=0.018) and a significant decrease in HDL-C level (OR trend : 1.07, 95% CI: 1.02-1.12, P= 0.005) were observed in model 2. In addition, a significant relationship was found between DII score and WC (OR trend : 1.07, 95% CI: 1.01-1.14, P=0.016) in model 1 (Table 4) .
Discussion
MetS is a collection of conditions such as abdominal obesity, hypertension, elevated FBG and TG levels, decreased HDL-C level that may occur together and increase the risk of different chronic diseases like kidney disease, cardiovascular disease and diabetes. 6, 10, 28, 29 The genetic predisposition together with environmental factors such as dietary patterns, inactive lifestyles, high BMI and age are shown to be associated with increased prevalence of MetS. 30 Since high inflammatory diets are recognized as one of the most important environmental factors in causing inflammation and predispose individuals to chronic inflammatory diseases such as MetS and diabetes, we investigated the association between DII and MetS and its components using data from 6538 people who participated in a cohort study in Iran. Our findings showed that individuals with higher DII scores were at higher risk for MetS and its components including elevated TG and FBG levels, decreased HDL-C and higher WC. Moreover, there was a significant association between DII and MetS in the general population, which is consistent with the results of Neufcourt et al that demonstrated higher DII scores were associated with higher SBP, DBP, TG, and lower HDL-C. 2 Likewise, in a crosssectional study that consisted of 606 participants from EastAzerbaijan-Iran, higher DII score was significantly associated with MetS and after adjustment for smoking status, physical activity, sex, age and BMI, highest quartile of DII score had significantly higher FBG compared with the lowest quartile of DII score. 31 In addition, our investigation showed that the male participants had a significantly higher DII score than females. Similarly, married subjects with higher education levels, better economic status, smoker, more physical activity, and city dwellers showed higher DII scores (p<0.001).
According to several studies on the western population, the DII score tends to be lower in married subjects who had higher Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 economic status and higher education level which is inconsistent with our findings. 2, 16, 32 It seems that in middle-income countries, city dweller families with increasing education level, following by higher income and social well-being, tend to consume more foods with high inflammatory index (fast foods and meats) and this may be due to their high occupational problems and also not having enough time to prepare healthy food. Also, in middle-income countries, the animal protein sources (red meat) are expensive, so people who live in city and have higher education level and income consume more animal sources than people living in rural areas rural. On the other hand, people living in rural areas due to adherence to their traditional foods, which are often healthy (vegetables and fruits) and have lower DII score, are less likely influence by MetS components and its related chronic disease. Numerous studies showed that obesity and its consequences like MetS may cause an imbalance in adipokines profile. 33, 34 MetS as a chronic inflammatory situation may lead to increase of pro-inflammatory adipokines and cytokines level such as Leptin, IL-6, IL-12, IL-18, chemerin, retinol-binding protein 4 (RBP4), lipocalin 2 (LCN2), TNF-α, and hs-CRP. By contrast, MetS can diminish the anti-inflammatory adipokines such as adiponectin, C1q/TNF-related protein (CTRP) family and Omentin-1.
2
The formation of this pro-inflammatory condition that is positively correlated with abdominal obesity and high BMI can increase the reactive oxygen and nitrogen species levels and play a central role in the etiology of the MetS. [35] [36] [37] In this way, DII score of the diet can be a strong stimulator or modulator of chronic and systemic inflammation. 28 Unhealthy diet and its components are the most important factors that prompt inflammatory pathways. Various studies have been demonstrated that following a healthy diet, which is contained from fruits and vegetables, is associated with lower plasma concentrations of CRP, homocysteine, ICAM1, IL1R1, IL6, E-selectin, sVCAM-1 TNF-α and NF-κB1 as inflammatory factors. 12, 38 A growing body of evidence demonstrated that the DII score in some healthy dietary patterns such as DASH (dietary approach to stop hypertension), AHEI (alternate healthy eating index) and HEI-2010 (healthy eating index-2010) is lower than other unhealthy patterns. 32, 39 The beneficial role of Mediterranean diet which is based on fruits, vegetables, olive oil, fish, nuts, legumes, whole grains, low-fat dairy products and low alcohol intake has been proved in metabolic disease and CVD. On the other hand, lower intake of red meat and saturated fat as the profitable properties of this diet showed favorable effects on the blood pressure level and BMI. 31, 40 The Mediterranean diet can also modulate the systemic inflammation and coagulation process and attenuate the progress and development of inflammatory diseases and cancers. [41] [42] [43] The best explanation for these beneficial effects is the existence of some important nutrients like n-3 PUFA, 12,44 fiber, [45] [46] [47] vitamin E, [48] [49] [50] vitamin C, 51, 52 β-carotene 51, 53, 54 and magnesium 45, 55 that mostly possess lower DII scores and prevent from inflammation and perform as antioxidants which inhibit the production of free radicals. 15 On the other hand, different studies showed that individuals who consume western diet with high-refined grains, simple carbohydrates, butter, red meat, processed meat, sweets, and soft drinks have higher BMI, sedentary lifestyle, energy intake, serum cholesterol, CRP and IL-6 levels and also have lower intake of vitamin B-6, magnesium, and fiber. 12 Esmaillzadeh et al revealed that the western dietary pattern score is significantly associated with inflammatory markers and after adjustment for age, BMI, smoking, physical activity, current estrogen use, menopausal status, family history of diabetes, stroke and energy intake this relationship remained significant for CRP, IL-6, and serum amyloid A (SAA). 12 In the same way, our results showed that MetS and its components were significantly associated with DII score and this relationship remained significant after adjustment for main confounding factors like age, sex, education, marital status, economic status, smoking, physical activity level and total energy intake ( Table 4) . Various investigations confirmed the potential role of the diet on the development and progress of cardiovascular disease and atherosclerosis through inducing inflammatory markers like CRP, IL-6, sICAM-1, sVCAM-1, and E-selectin. The findings of Nurses' Health Studies and Health Professionals Follow-up Study suggested that prudent dietary pattern with higher fruits, vegetables, legumes, fish, poultry, and whole grains have a reverse association with markers of inflammation (CRP), endothelial dysfunction (E-selectin), insulin, and homocysteine concentrations. [56] [57] [58] Moreover, Nettleton et al in the Multi-Ethnic Study of Atherosclerosis (MESA), using factor analysis on an ethnically diverse population, recognized four dietary patterns that were comparable with prudent and western diet patterns in other populations. The identified dietary patterns were positively associated with serum CRP, homocysteine and sICAM-1 levels. 59 Similarly, in the present study, we showed that the components of the western dietary pattern with higher DII scores that are consumed by the Iranian population can be an effective risk factor for atherosclerosis through increasing TG and FBG and decreasing HDL-C level. Also, our findings revealed that participants with higher DII scores were younger and significantly had higher BMI, total calorie intake and DBP levels. These findings were consistent with the results of two different cross-sectional and case-control studies performed on Iranian populations. 31, 60 The primary strength of this study was the large sample size for both sexes that evaluated the data from the cohort study. Using DII score as a validated instrument to evaluate the inflammatory impacts of diet, evaluation of diet by validated FFQ, using physical activity questionnaire and also adjustment for a large number of confounding factors that associated with MetS were the other pros of the current study. However, there were some limitations regarding the methodology and nature of the present study. The primary limitation was the number of dietary parameters so that only 31 dietary parameters were used to calculate DII score. Moreover, due to the cross-sectional nature of the study, we were unable to infer causality. Also, using FFQ as a retrospective dietary assessment method, which is based on the subjects' memory, increases the possible misreporting and can be considered as other limitation of our study.
Conclusion
In summary, the present study was the first large population study in Iran that assessed the association between dietary inflammatory parameters with MetS. The findings of our study showed a significant association between DII and MetS, WC, TG, hypertension, FBG and a reverse association with HDL-C after adjustment for different covariates. Knowing the association of DII with MetS components and some anthropometric indices, the DII can be suggested as a suitable clinical instrument to determine pro-inflammatory components of the diet to ultimately reduce the risk of chronic non-communicable disease. However, further longitudinal investigations with more dietary parameters are needed to fully understand the role of inflammatory diets with an increased risk of MetS and its components.
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